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Abstract
Purpose of Review This study was conducted in order to review randomized controlled trial (RCT) data published January 2016–
March 2019 on long-acting injectable antipsychotics (LAIs) for schizophrenia.
Recent Findings Thirty-one RCTs (primary studies = 7; post hoc analyses = 24; n = 4738) compared LAIs vs. placebo (studies =
11, n = 1875), LAIs vs. oral antipsychotics (OAPs) (studies = 7, n = 658), and LAI vs. LAI (studies = 13, n = 2205). LAIs
included two new formulations, aripiprazole lauroxil nanocrystal dispersion and subcutaneously injectable risperidone Perseris,
as well as aripiprazole lauroxil, aripiprazole once-monthly, paliperidone once-monthly, paliperidone 3-monthly, and risperidone-
LAI. Regarding prevention of relapse and hospitalization, LAIs consistently outperformed placebo, being partly superior to
OAPs, without relevant LAI–LAI differences. LAIs were comparable to OAPs regarding all-cause discontinuation, functioning,
quality of life, and tolerability, being associated with higher patient satisfaction and service engagement. Recent meta-analyses
yielded mixed results, but never favoring OAPs over LAIs.
Summary In RCTs, LAIs are superior to placebo, but only in some aspects, superior to OAPs. Comparative effectiveness of LAIs
vs. OAPs requires further study, ideally in generalizable/real-world samples.
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Introduction

Schizophrenia remains one of the most severe medical diseases
[1]. The treatment of this chronic and often disabling disorder has

come a long way with the initial development of antipsychotics
and atypical antipsychotics [2–5], which have remained the only
approved and effective pharmacologic treatment for schizophre-
nia [4, 6•]. Despite pharmacologic advances in recent years, an
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effective treatment of schizophrenia remains an issue, both due to
insufficient treatment of cognition and negative symptoms as
well as the challenge of treatment nonadherence, which is strong-
ly linked to recurrent relapses [7, 8]. Given the need for long-
term maintenance treatment in schizophrenia [9•], relapse pre-
vention is a major goal [10, 11•, 12].

In order to improve adherence to prescribed antipsychotics
through less frequent dosing schedules and readily observable
nonadherence, long-acting injectable antipsychotics (LAIs)
have been developed [13••]. Although in randomized con-
trolled trials that systematically include more adherent patients
who know that their medication adherence will be monitored
closely [14], LAIs were not superior to oral antipsychotics
(OAPs) regarding relapse and treatment continuation [15],
and meta-analyses of mirror image and cohort studies that
arguably enroll more generalizable patients [14] demonstrated
that LAIs are superior to OAPs in treatment discontinuation
[16, 17•], relapse [18] and hospitalization [16, 17], time to
relapse [18], and hospital days [18]. As schizophrenia is often
associated with functional impairments, recent research also
focused on the maintenance and improvement of functionality
and quality of life with both oral antipsychotics [19•] and
LAIs [13]. In terms of tolerability and safety, meta-analyses
have demonstrated that LAIs are comparable to OAPs [20•,
21•], with one meta-analysis favoring LAIs over OAPs [18].

Furthermore, novel long-acting injectable formulations have
emerged, aiming to move from deep intramuscular to subcutane-
ous injections and/or abolish the need for initial oral cotreatment
or loading injection strategies, which may increase acceptability
[6]. These formulations include RBP-7000 (Perseris™), a long-
acting injectable formulation of risperidone [22], requiring no
oral supplementation and being the first antipsychotic available
as a subcutaneously (intraabdominally) administered LAI [23•],
and aripiprazole lauroxil nanocrystal dispersion (ALNCD;
Aristada Initio™), a 1-day initiation regimen for the LAI
aripiprazole lauroxil (AL), reducing oral supplementation to the
first day of administration and enabling faster release of
aripiprazole into plasma [24].

Despite demonstrated advantages of LAIs, they remain large-
ly underutilized in clinical practice, possibly due to lack of famil-
iarity of many physicians, incomplete or inaccurate perceptions
about safety and efficacy, medication cost considered in isolation
without taking into account overall reductions in cost of care due
to reduced relapse and hospitalizations, issues with access to
treatment, and negative perceptions about injectable therapy
among patients, families, and prescribers [13].

In this context, this systematic review aimed to summarize
evidence from articles published 2016–2019 that reported data
on findings of randomized controlled trials (RCTs) regarding
(i) new long-acting injectable formulations; (ii) the efficacy of
LAIs for symptom improvement and prevention of relapse
and hospitalization, functionality, and quality of life; (iii) the
tolerability and safety of LAIs; and (iv) attitudes toward and

acceptability of LAIs. Since a comprehensive review of the
literature on the use of LAIs up to 2015 already exists [13], we
focused on the time frame 2016–2019.

Methods

We aimed to summarize the recent evidence of RCTs compar-
ing LAIs to placebo, OAPs, or another LAI for schizophrenia-
spectrum disorders. Therefore, we conducted a systematic lit-
erature search of articles published in PubMed between 01
January 2016 and 26 March 2019, using the following search
terms: ((schizophrenia OR schizophreniform OR
schizoaffective OR psychosis OR psychotic) AND (depot
OR long-acting injectable OR injection* OR microsphere*
OR decanoate OR palmitate OR enanthate OR monohydrate
OR lauroxil OR nanocrystal)).

We included RCTs that investigated LAIs in adults with
schizophrenia-spectrum disorders focusing on new LAI for-
mulations (ALNCD and RBP-7000), efficacy of LAIs for
symptom improvement and prevention of relapse and hospi-
talization, functionality and quality of life, tolerability and
safety of LAIs, and attitudes toward as well as acceptability
of LAIs. Additionally, we considered published expert recom-
mendations for the use of LAIs. We excluded studies in chil-
dren and adolescents, reporting on mixed-age populations
without reporting results separately for adults, and LAI dose
comparisons. Finally, we also reviewed meta-analytic results
of RCTs, as long as the meta-analysis was published in
January 2016 or later.

Results are summarized first for the individual RCTs focus-
ing on the following five characteristics/outcomes: [1] FDA
approval trial, [2] efficacy for symptom improvement and
prevention of relapse/hospitalization, [3] efficacy for
functionality/quality of life, [4] tolerability/safety, and [5] at-
titudes/acceptability, dividing the results by the comparator
(placebo, OAP, LAI). At the end, results of the meta-
analyses are summarized for efficacy and safety/tolerability
of LAIs vs. the meta-analyzed comparator.

Results

Search Results and Study Characteristics

The PubMed search resulted in 821 hits. After removal of 776
articles based on title and abstract review, 45 full text articles
were inspected for eligibility. Of these, 14 were excluded for
the following reasons: LAI dose comparison (n = 8), short-
acting injectable data (n = 4), no data on LAIs (n = 1), and
duplicate publication (n = 1). Ultimately, we included 31
RCTs (primary data studies: k = 7; post hoc analyses: k =
24; individual patients: n = 4738), comparing LAIs vs.
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placebo (studies = 11, n = 1875) and LAIs vs. OAPs (studies =
7, n = 658) and comparing one LAI vs. another LAI (studies =
13, n = 2205). Altogether, 20 studies (n = 3812) had a double-
blind (DB) and 11 had a randomized, open-label (ROL) (n =
926) design.

Additionally, five meta-analyses of RCTs of LAIs in
schizophrenia [18, 20•, 21•, 25, 26] were identified, with all
five focusing on LAI vs. OAP comparisons and one of them
also including placebo-controlled trials [26]. Three meta-
analyses focused on efficacy, effectiveness, and tolerability
outcomes (1. RCTs = 17, n = 6362; 2. RCTs = 1, n = 4796;
3. RCT = 5, n = 1022) [18, 20•, 25], and two focused on
safety/tolerability outcomes only (1. RCTs = 16, n = 4902;
2. RCTs = 52, n = 17,416, LAI: n = 11,360, OAP: n = 3910,
placebo: n = 2146) [21•, 26].

New LAI Formulations (ALNCD and RBP-7000)

Between 2016 and 2019, four LAI studies (placebo-con-
trolled: k = 3, OAP-controlled: k = 0, LAI–LAI comparisons:
k = 1), one being a post hoc analysis of a previously published
primary study, investigated new and recently approved LAI
formulations in patients with schizophrenia-spectrum
disorders.

Aripiprazole Lauroxil NanoCrystal Dispersion Vs. Aripiprazole
Lauroxil In a 6-month, double-blind placebo-controlled trial
(DBPCT) (industry sponsor: Alkermes) in 161 patients with
stable but symptomatic schizophrenia who were randomly
assigned to one of four treatments with the 1-day initiation
regimen (ALNCD + AL 441-mg + 30-mg oral aripiprazole on
day 1 [n = 39] or ALNCD + AL 882-mg + 30-mg oral
aripiprazole on day 1 [n = 31]) or the previously approved
21-day regimen (AL 441-mg + 15-mg oral aripiprazole + 20
days 15-mg oral aripiprazole [n = 40], or AL 882-mg, 15-mg
oral aripiprazole + 20 days 15-mg oral aripiprazole [n = 41]),
AUC0–28 values (mean ± SD) were comparable in each treat-
ment group: AL 441 mg/1-day initiation regimen, 1222.4
(455.7) ng/mL; AL 882 mg/1-day initiation regimen, 1126.6
(597.4) ng/mL; AL 441 mg/21-day initiation regimen, 1435.5
(654.8) ng/mL; and AL 882 mg/21-day initiation regimen,
1315.9 (439.6) ng/mL [27]. All groups achieved aripiprazole
concentrations in the therapeutic range within 4 days and
remained in a comparable concentration range during treat-
ment initiation [27] (Table 1).

Risperidone Perseris Vs. Placebo In an 8-week, DBPCT (in-
dustry sponsor: Indivior) in 337 patients with acute schizo-
phrenia who were randomly assigned to RBP-7000 90 mg
(n = 111), RBP-7000 120 mg (n = 114), or placebo (n =
112), both doses of RBP-7000 significantly improved
Positive and Negative Symptom Scale (PANSS) total (90
mg: p = 0.0004; 120 mg: p < 0.0001) and Clinical and

Global Impression Scale-Severity (CGI-S) scores (90 mg: p
= 0.0002; 120 mg: p < 0.0001) vs. placebo [28•] (Table 1). In a
post hoc analysis of the same study [28•], the maximum
placebo-corrected relative decrease in PANSS score in the
RBP-7000 group was 5.4%, half of which was achieved at
plasma concentrations of 4.6 ng/mL of the total active moiety
[29] (Table 1). Furthermore, favorable results were found for
RBP-7000 in terms of functioning, quality of life, and satis-
faction with preference for medication compared to placebo
[53] (see sections “Efficacy of LAIs for Functional Outcomes
and Quality of Life” and “All-Cause Discontinuation and
Attitudes Toward and Acceptability of LAIs”).

Efficacy of LAIs for Symptom Improvement
and Prevention of Relapse and Hospitalization

Sixteen studies of LAIs (placebo-controlled: k = 5, OAP-con-
trolled: k = 7; LAI–LAI comparisons: k = 5), of which 13 were
post hoc analyses of previously published studies, reported on
symptom improvement and prevention of relapse and hospi-
talization in patients with schizophrenia-spectrum disorders.
Symptomatic efficacy results are summarized by individual
LAI and specific study comparator in Table 1. Specific results
(not only for subgroups or for time to event) regarding relapse
(studies = 3) [37, 44, 49] and hospitalization rates (studies = 2)
[43, 44] are summarized by individual LAI and specific study
comparator in Table 2 and Fig. 1.

Placebo-Controlled Trials of LAIs

Aripiprazole Once-Monthly 400 mg Vs. Placebo In a post hoc
analysis of a 12-week, DBPCT (industry sponsor: Otsuka and
Lundbeck) in 329 patients with acute schizophrenia that com-
pared aripiprazole once-monthly (AOM) 400 mg (n = 162)
with placebo (n = 167) every 4 weeks [31], AOM showed
significantly greater efficacy vs. placebo in all five PANSS
Marder factor scores (p < 0.0001) (positive symptoms, nega-
tive symptoms, disorganized thought, uncontrolled hostility/
excitement, and anxiety/depression) and in agitation as mea-
sured by the PANSS excited component score (each p <
0.0001) [30] (Table 1).

Aripiprazole Lauroxil Vs. Placebo In a post hoc analysis of a
12-week, DBPCT (industry sponsor: Alkermes) in 623 pa-
tients with acute schizophrenia, comparing AL 441 mg (n =
207), AL 882 mg (n = 208), and placebo (n = 208) [33], both
AL doses were superior to placebo on the PANSS subscale,
PANSSMarder factors, and CGI-S scores (all p < 0.001) [32].
Moreover, overall response (≥ 30% decrease in PANSS total
score or a CGI-I score of 1 or 2) was significantly greater with
both doses of AL (882 mg—56%, p = 0.001; 441 mg—52%,
p = 0.001) vs. placebo (28%) [32] (Table 1).
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In a second post hoc analysis of the same study [33], fo-
cusing on the subgroup of patients with severe psychotic
symptoms (baseline PANSS total score above the median
score of 92 (n = 309)), PANSS total (p < 0.0001) and subscale
(p < 0.0001–p < 0.0035) scores improved significantly with
both doses of AL vs. placebo [34]. Furthermore, both AL
doses were associated with higher responder rates ≥ 30%
PANSS total score decrease or CGI-I score of 2 or 1 (441
mg—49%, p < 0.001; 882 mg—61%, p < 0.001) vs. placebo
(18%) [34] (Table 1).

Paliperidone Palmitate Once-Monthly Vs. Placebo In a post
hoc analysis of a 2-year, DBPCT [36] (industry sponsor:
Janssen) investigating a subgroup of 133 stabilized
(paliperidone palmitate once-monthly (PP1M): flexible doses
of 25, 50, 100 mg for 9 weeks), schizophrenia patients who all
had relapsed after randomization to placebo (n = 36) or main-
tenance treatment with PP1M (n = 97), no significant differ-
ences were found in relapse symptom profiles, onset and se-
verity of relapse symptoms, and post-relapse treatment re-
sponse as measured by PANSS total (p = 0.09) and subscale
scores (p = 0.62–p = 0.95) [35] (Table 1 and Table 2).

Paliperidone Palmitate 3-Monthly Vs. Placebo In a post hoc
analysis of a DBPCT lasting up to 2 years (industry sponsor:
Janssen) [38] investigating a subgroup of adults with early
illness schizophrenia (duration ≤ 5 years) (n = 119) who were
first stabilized on PP1M (78, 117, 156, or 234 mg) for 17
weeks and then randomized to paliperidone palmitate 3-
monthly (PP3M) (175, 263, 350, or 525 mg) (n = 62) or
placebo (n = 57), PP3M significantly delayed time to relapse
vs. placebo (HR = 3.08 (95% CI = 1.08–8.80), p = 0.035) and
reduced relapse rates (8.1 vs. 21.1%, p = 0.027) [37] (Table 2).
Furthermore, PP3M was superior to placebo regarding
PANSS total (p = 0.003), positive (p = 0.011), negative (p =
0.019), and general psychopathology (p = 0.006) subscale
scores and CGI-S (p = 0.025) [37] (Table 1).

Head-to-Head Trials of LAIs Vs. Oral Antipsychotics

Paliperidone Palmitate Once-Monthly Vs. Oral Antipsychotics
In four post hoc analyses of the same 15-month, randomized,
open-label trial (ROLT) (industry sponsor: Janssen) of 444
individuals with schizophrenia and a history of incarceration,
PP1M (flexible dosing 78–234 mg) (n = 226) was compared
with clinicians’ choice OAPs (n = 218) [42].

Results indicated that compared to clinicians’ choice
OAPs, PP3M was associated with a significantly lower
mean cumulative function (MCF = mean number of
events per person year of follow-up) of treatment fail-
ures (composite measure of psychiatric hospitalization;
arrest or incarceration; suicide; treatment discontinuation
due to inefficacy, safety, or tolerability; addition ofT
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another antipsychotic due to inefficacy; or increased
psychiatric services to prevent psychiatric hospitaliza-
tion) (p = 0.007) as well as institutionalizations (arrests
or incarcerations and/or psychiatric hospitalizations) (p
= 0.005) [39] (Table 1 and Table 2). Furthermore, the
relative advantage of PP1M over OAPs in reducing
treatment failure was numerically greater in patients
with recent-onset schizophrenia (HR = 1.73 (95% CI =
0.87–3.45), p = 0.121) vs. patients with more chronic
schizophrenia (HR = 1.37 (95% CI = 1.02–1.85), p =
0.039) [40] (Table 1). Additionally, overall lower risk
for treatment failure with PP1M was found both in pa-
tients with (HR = 1.48 (95% CI = 1.07–2.03), p =
0.016) and without comorbid substance abuse (HR =
1.77 (95% CI = 1.12–2.81), p = 0.015) [41] (Table 2).
Median (95% CI) time to first treatment failure in the
recent-onset population was > 450 days in the PP1M
group and 270 days in the OAP group; for subjects
with more chronic illness [40], results were 416 days
(PP1M) and 210 days (OAPs). In the substance abuse
subgroup, time to first treatment failure was 291 days
(PP1M) and 186 days (OAPs), being in the nonabuse
cohort > 450 (PP1M) and 284 days (OAPs) [41].
Moreover, subgroup analyses by OAP subgroups with
reduced statistical power showed consistent results.
Compared with PP1M, first treatment failure was 34%
higher with conventional oral antipsychotics (COAPs)
(HR = 1.34 (95% CI = 0.80–2.25), p = 0.262), 41%
higher with atypical oral antipsychotics (AOAPs) (HR =
1.41 (95% CI = 1.06–1.88), p = 0.019), and 39% higher
with oral paliperidone/risperidone (HR = 1.39 (95% CI
= 0.97–1.99), p = 0.071) [43]. Similarly, hospitalization
rates were numerically lower with PP1M (8.1%) than
with oral COAPs (8.6%), oral AOAPs (12.6%), and oral
paliperidone/risperidone (15.3%) [43] (Table 2), consid-
ering that OAP choice could be optimized based on past

treatment response, while PP1M was the randomly
assigned sole LAI choice.

Risperidone Long-Acting Injection Vs. Atypical Oral
Antipsychotics In an exploratory, independently funded, 2-
year, ROLT of 85 early-phase (≤ 3 years of illness)
schizophrenia-spectrum disorder patients who were first sta-
bilized for 18 weeks on risperidone long-acting injection
(RLAI) (25–50 mg) or AOAPs and then randomized to
RLAI (25–50 mg) (n = 42) or AOAPs (n = 35), time to stabi-
lization (likelihood ratio = 0.07; 95% CI = 0.651–1.75) and
time to relapse (likelihood ratio = 2.57; 95% CI = 0.151–1.25)
were similar between RLAI and AOAPs [44]. However, only
16 patients in total relapsed (RLAI = 11 [26.2%], AOAP = 5
[14.3%]) and only 12 patients were admitted to hospitals
(RLAI = 8 [19.1%], AOAP = 4 [11.4%]) [44] (Table 2), re-
ducing the statistical power for the analysis of relapse and
hospitalization rates.

Paliperidone Palmitate Once-Monthly Vs. Oral Olanzapine In
a 13-week, double-blind trial (DBT) funded by the Chinese
government in 57 first-episode schizophrenia patients who
were randomly assigned to PP1M (117, 156, or 234 mg) or
oral olanzapine (5 mg), PANNS total and subscale scores de-
clined significantly (p < 0.001 each) in both groups in this
highly responsive first-episode sample, without significant
between-group differences [45] (Table 1).

Paliperidone Palmitate Once-Monthly Vs. Paliperidone
Extended-Release In a 24-week, ROLT funded by the Italian
government of 72 patients with stable but symptomatic
schizophrenia who were randomized to PP1M (flexible dos-
ing 50–150 mg) (n = 36) or oral paliperidone extended-release
(6–12/day) (n = 36), PP1M was superior for negative symp-
toms rated with the Clinical Global Impression-Schizophrenia
(CGI-SCH) scale (p = 0.012) [46] (Table 1).
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Head-to-Head Trials of LAIs Vs. LAIs

Haloperidol Decanoate Vs. Paliperidone Palmitate Once-
Monthly In a post hoc analysis of a 2-year, DBT funded by
the National Institute of Mental Health in 290 patients with
schizophrenia or schizoaffective disorder at risk of relapse,
who were randomized to haloperidol decanoate (HD) (25–
200 mg) (n = 145) or PP1M (39–234 mg) (n = 145) [48],
younger participants (18–45 years) assigned to HD (n = 66)
had a longer time to efficacy failure vs. PP1M (n = 75) (p =
0.009) [47]. Similarly, in younger patients, PP1M was associ-
ated with significantly more hospitalizations than HD (31 vs.
14%, p = 0.02) [47]. This finding differed from the results in
the total group where no significant differences between HD
and PP1M had been found regarding time to efficacy failure
[47] (Table 2).

Paliperidone Palmitate Once-Monthly Vs. Paliperidone
Palmitate 3-Monthly In a 48-week, DBT (industry sponsor:
Janssen) in 1016 relatively stable schizophrenia patients who
were first stabilized for 17 weeks on PP1M (50, 75, 100, or
150 mg) and then randomly assigned to PP3M (175, 263, 350,
or 525 mg) (n = 512) or PP1M (50, 75, 100, or 150 mg) (n =
504), PP3M was noninferior to PP1M, as relapse rates were
similar in both groups (PP3M = 8%; PP1M = 9%; difference
in relapse-free rate 1.2%; 95% CI = − 2.7 to 5.1%) [49].
PANSS total, PANSS subscale, PANSS Marder factor, and
CGI-S scores confirmed the primary noninferiority result
[49] (Table 2).

Three post hoc analyses of this DBT [49] revealed similarly
respectable symptomatic remission rates (PP3M = 50.3%;
PP1M = 50.8%) [50•]. Furthermore, relapse-free rates were
similar in patients with (PP3M = 90%; PP1M = 87%) or
without (PP3M = 92%; PP1M = 91%) recent prior use of oral
risperidone/paliperidone [51], and in relapse rates for patients
with an European (PP3M = 7%; PP1M = 8%) and non-
European (PP3M = 9%; PP1M = 10%) background [52]
(Table 2).

Efficacy of LAIs for Functional Outcomes and Quality
of Life

In the 3-year period of this review, seven studies of
LAIs (placebo-controlled: k = 4, OAP-controlled: k =
1; LAI–LAI comparisons: k = 3), which were post hoc
analyses of previously published primary studies, inves-
tigated quality of life, subjective well-being, and func-
tionality, including personal, social, and cognitive func-
tioning, as well as readiness for work in patients with
schizophrenia-spectrum disorders. Functional efficacy
and quality of life results are summarized by individual
LAI and specific study comparator in Table 3.

Placebo-Controlled Trials of LAIs

Aripiprazole Lauroxil Vs. Placebo In a post hoc analysis of a
12-week, DBPCT (industry sponsor: Alkermes) in 623 pa-
tients with acute schizophrenia that compared AL 441 mg (n
= 207), AL 882 mg (n = 208), and placebo (n = 208) every 4
weeks [33], both AL groups significantly improved social
functioning vs. placebo (p < 0.0001), measured by the 6-
and 4-point PANSS Prosocial subscale and the Personal and
Social Performance (PSP) total score, without any dose-
related differences [54] (Table 3).

Paliperidone Palmitate Once-Monthly Vs. Placebo In a post
hoc analysis of a 15-month, DBPCT (industry sponsor:
Janssen), 334 patients with schizoaffective disorder (SAD)
and acute worsening of psychotic and mood symptoms who
were first stabilized for 25 weeks on PP1M (234 mg on day 1,
156 mg on day 8, flexible doses (78–234 mg) at/after day 36)
and then randomly assigned to PP1M (78–234 mg) (n = 164)
or placebo (n = 170) [56], improvements in all PSP domains
(socially useful activities, personal/social relationships, self-
sufficiency, and disruptive/aggressive behavior), observed
during the randomized, open-label stabilization phase, were
maintained during the double-blind phase with PP1M, but
decreased in all four PSP domains during the double-blind
phase with placebo (p < 0.008) [55] (Table 3).

Paliperidone Palmitate 3-Monthly Vs. Placebo In a post hoc
analysis of a DBPCT (industry sponsor: Janssen) lasting up to
2 years [38] investigating a subgroup of adults with early
illness schizophrenia (duration ≤ 5 years) (n = 119) who were
first stabilized on PP1M (78, 117, 156, or 234 mg) for 17
weeks and then randomized to PP3M (175, 263, 350, or 525
mg) (n = 62) or placebo (n = 57), social functioning, measured
by the PSP, was maintained with PP3M and significantly
worsened with placebo (p = 0.016) [37] (Table 3).

Perseris Risperidone Vs. Placebo In a post hoc analysis of an 8-
week, DBPCT (industry sponsor: Indivior) of 337 patients
with acute schizophrenia, in which patients were randomized
to RBP-7000 90 mg (n = 111), RBP-7000 120 mg (n = 114),
or placebo (n = 112) [28•], RBP-7000 120 mgwas significant-
ly superior to placebo regarding health-related quality of life,
measured with the EuroQol EQ-5D-5LVisual Analogue Scale
(p = 0.0212) and the Subjective Well-Being Under
Neuroleptic Treatment Scale-Short Version (SWN-S) total
score (p = 0.0395) and in the domains physical functioning
(p = 0.0093) and social integration (p = 0.0368) [53] (Table 3).

Head-to-Head Trials of LAIs Vs. Oral Antipsychotics

Paliperidone Palmitate Once-Monthly Vs. Paliperidone
Extended-Release In a 24-week, ROLT funded by the Italian
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government of 72 patients with stable but symptomatic
schizophrenia who were randomized to PP1M (flexible dos-
ing 50–150 mg) (n = 36) or paliperidone extended-release (6–
12/day) (n = 36), no significant between-group emerged re-
garding PSP (p = 0.103) and SWN-S (p = 0.65) scores [46]
(Table 3).

Head-to-Head Trials of LAIs Vs. LAIs

Aripiprazole Once-Monthly 400 mg Vs. Paliperidone
Palmitate Once-Monthly In two post hoc analyses of a 28-
week, ROLT (industry sponsor: Otsuka and Lundbeck) of
295 relatively stable schizophrenia patients with reasons for
a treatment change, AOM 400 mg (n = 148) was compared
with PP1M (flexible dosing 75–150 mg) (n = 147), each
injected intramuscularly every 4 weeks [59], several addition-
ally analyzed outcomes favored AOM.

For example, compared with PP1M, AOM improved the
Work Readiness Questionnaire (WoRQ) total score signifi-
cantly more (p = 0.004), and more patients were ready for
work at study endpoint (52.7 vs. 32.7%, p = 0.003) [58].
Furthermore, compared to PP1M, AOM was associated with
significantly lower (better) CGI-I scores (p = 0.02) and signif-
icantly more responders based on CGI-S (62.7 vs. 43.5%, p =
0.010) and CGI-I (52.0 vs. 29.4%, p = 0.0032) assessed open-
ly [58]. Different from the primary outcome, the Heinrich-
Carpenter QLS scale that was assessed by masked raters and
had shown significant superiority of AOM [58], only numer-
ically larger improvements with AOM on the openly assessed
Tolerability and Quality of Life (TooL) questionnaire and the
SWN-S treatment satisfactionwere observed [62] (Table 1). In
an additional analysis, shifts toward work readiness were sig-
nificantly associatedwith greater Heinrich-Carpenter QLS im-
provements at week 28 (p < 0.0001), and QLS total scores
significantly predicted work readiness at week 28 [57]
(Table 3). Although, overall, these results favored AOM over
PP1M, results must be interpreted with caution, as they were
based on unblinded assessments and as results favored the
study sponsor.

Risperidone Long-Acting Injection Vs. Paliperidone Palmitate
Once-Monthly In a 6-month, independently funded pilot
ROLT of 30 patients with nonacute schizophrenia or SAD,
comparing RLAI (n = 16) dosed flexibly up to 50 mg/2 weeks
with PP (n = 14) dosed flexibly up to 150 mg/4 weeks, PP1M
was superior to RLAI on the Social Functioning Scale (SFS)
total (p = 0.038) and subscale scores (competence: p = 0.001,
performance: p = 0.007) [60] (Table 1). In a post hoc analysis
of the same ROLT [60], RLAI was superior to PP1M on the
combined Brief Assessment of Cognition in Schizophrenia
(BACS) item attention and speed processing (p = 0.039)
[61] (Table 3).

Paliperidone Palmitate Once-Monthly Vs. Paliperidone
Palmitate 3-Monthly In a 48-week, DBT (industry sponsor:
Janssen) in 1016 relatively stable schizophrenia patients who
were first stabilized for 17 weeks on PP1M (50, 75, 100, or
150 mg) and then randomly assigned to PP3M (175, 263, 350,
or 525 mg) (n = 512) or PP1M (50, 75, 100, or 150 mg) (n =
504) [49], both groups were comparable regarding functional
remission, defined as a PSP score > 70, in the last 6 months of
the double-blind phase (PP3M 42.5%, PP1M 43.9%) [50•]
(Table 3).

Tolerability and Safety of LAIs

To assess metabolic as well as extrapyramidal symptom
(EPS)-related adverse effects (AEs), five studies of LAIs (pla-
cebo-controlled: k = 1, OAP-controlled: k = 1, LAI–LAI com-
parisons: k = 3), of which 4 were post hoc analyses, were
conducted in patients with schizophrenia-spectrum disorders.
Adverse results are summarized by individual LAI and spe-
cific study comparator in Table 4.

Placebo-Controlled Trials of LAIs

Aripiprazole Lauroxil Vs. Placebo In a post hoc analysis of a
12-week, DBPCT (industry sponsor: Alkermes) in 623 pa-
tients with acute schizophrenia that compared AL 441 mg (n
= 207), AL 882 mg (n = 208), and placebo (n = 208) every 4
weeks [33], changes in serum lipid, lipoprotein, plasma glu-
cose, or HbA1c value were not clinically relevant in all groups
[63]. Prolactin levels decreased for both doses of the partial
D2 agonist AL and not with placebo [63] (no p values provid-
ed). Themean (SD) change for bodyweight was 0.74 (3.9) kg,
0.86 (3.7) kg, and 0.01 (3.6) kg for AL 441 mg, AL 882 mg,
and placebo groups, respectively (no p values provided) [63].
Overall, metabolic AEs were reported in 2.4, 1.4, and 2.4% of
patients in the AL 441 mg, AL 882 mg, and placebo groups,
respectively [63] (Table 4).

Head-to-Head Trials of LAIs vs. Oral antipsychotics

Risperidone Long-Acting Injections Vs. Atypical Oral
Antipsychotics In an exploratory, 2-year, independently
funded ROLT, 85 individuals in early phase (≤ 3 years of
illness) of a schizophrenia-spectrum disorder who were first
stabilized for 18 weeks on RLAI (25–50 mg) or AOAPs,
respectively, and then randomly assigned to RLAI (25–50
mg) (n = 42) or AOAPs (n = 35), no statistically significant
between-group difference for any tolerability measure was
found, although numerically less patients experience akathisia
with RLAI during (RLAI 5.6%; AOAPs 10.3%) and follow-
ing (RLAI 7.7%; AOAPs 9.2%) stabilization [44] (Table 4).
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Head-to-Head Trials of LAIs Vs. LAIs

Paliperidone Palmitate Once-Monthly Vs. Paliperidone
Palmitate 3-Monthly In two post hoc analyses of a 48-week,
DBT (industry sponsor: Janssen) in 1016 relatively stable
schizophrenia patients who were first stabilized in an open-
label phase for 17 weeks on PP1M (50, 75, 100, or 150 mg)
and then randomly assigned to PP3M (175, 263, 350, or 525
mg) (n = 512) or PP1M (50, 75, 100, or 150 mg) (n = 504)
[49], injection site reactions and pain , measured using a
clinician-rated 4-point scale (0 = absent; 1 = mild; 2 = mod-
erate; 3 = severe) and a patient-rated visual analogue scale
(VAS; 0 [no pain] to 100 [maximum pain]), were low and
similar (7–13%) between the two treatments, regardless of
injection site location and dose [64]. Mean (SD) VAS scores
decreased from open-label baseline (22.0 [21.6]) to double-
blind baseline (19.5 [20.6] vs. 18.4 [20.4]) and DB-endpoint
(15.6 [17.9] vs. 15.5 [18.3]) [64] (Table 1). Furthermore, the
overall incidence of spontaneously reported EPS-related treat-
ment-emergent adverse events (TEAEs) decreased numerical-
ly from 12.6% (PP1M) in the open-label phase to 8.3%
(PP3M) and 7.4% (PP1M) in the double-blind phase [65].
Among patients with reported EPS-related TEAEs, the medi-
an time to onset (TTO) for all EPS-related TEAEs was 17 days
(PP1M) in the OL phase and 115 days (PP3M) and 98.5 days
(PP1M) in the double-blind phase; median time to resolution
(TTR) was 36.5 days (PP1M) in the open-label phase and 91
days (PP3M) and 85.5 days (PP1M) in the double-blind phase
[65]. No dose- or age-related differences in TTO and TTR of
EPS-related TEAEs were observed [65] (Table 4).

Aripiprazole Once-Monthly 400 mg Vs. Paliperidone
Palmitate Once-Monthly In a post hoc analyses of a 28-week,
ROLT (industry sponsor: Otsuka and Lundbeck) of 295 rela-
tively stable schizophrenia patients, comparing AOM 400 mg
(n = 148) with PP1M (flexible dosing 75–150 mg) (n = 147),
each injected intramuscularly every 4 weeks [59], sexual dys-
function was significantly lower with AOM vs. PP1M (adjust-
ed odds ratio [aOR] = 0.29 [95%CI = 0.14–0.61], p = 0.0012)
in men (0.33 [0.13–0.86]; p = 0.023), women (0.14 [0.03–
0.62]; p = 0.0099), and patients aged 18–35 years (0.04 [<
0.01–0.34]; p = 0.003) [66]. Further, prolactin concentrations
decreased with AOM 400 (− 150.6 [274.4] mIU/L) and in-
creased with PP1M (464.7 [867.5] mIU/L) [66] (Table 4).

All-Cause Discontinuation and Attitudes Toward and
Acceptability of LAIs

Ten studies of LAIs (placebo-controlled: k = 3, OAP-con-
trolled: k = 5, LAI–LAI comparisons: k = 2), of which
four were post hoc analyses of a previously published
primary study, investigated all-cause discontinuation, atti-
tudes toward and acceptability of LAIs, in patients withT
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schizophrenia-spectrum disorders. Results regarding all-
cause discontinuation, adherence, and treatment satisfac-
tion are summarized by individual LAI and specific study
comparator in Table 5.

Placebo-Controlled Trials of LAIs

RBP-7000 Vs. Placebo In an 8-week, DBPCT (industry spon-
sor: Indivior) of 337 patients with acute schizophrenia who
were randomized to RBP-7000 90 mg (n = 111), RBP-7000
120 mg (n = 114), or placebo (n = 112), the discontinuation
rate during the treatment period was somewhat higher for
placebo (29.0%) than for RBP-7000 90 mg (22.4%), but com-
pared to RBP-7000 120 mg (28.6%) [28•] (Table 5).

In a post hoc analysis of the same trial [28•], patient satisfac-
tion, measured by the Medication Satisfaction Questionnaire
(MSQ), improved significantly with RBP-7000 90 mg (p =
0.0009) and RBP-7000 120 mg (p = 0.0006) vs. placebo, with
patients preferring RBP-7000 90 mg (p = 0.0001) as well as
RBP-7000 120 mg (p = 0.0352) over placebo, as measured by
the Preference of Medicine Questionnaire (POM) [53] (Table 5).

Aripiprazole Lauroxil Vs. Placebo In a post hoc analysis of a
12-week, DBPCT (industry sponsor: Alkermes) [33], focus-
ing on a subgroup of patients with severe psychotic symptoms
(baseline PANSS total score above the median score of 92 (n =
309)), who were randomly assigned to AL 441 mg (n = 207),
AL 882 mg (n = 208), and placebo (n = 208)), the discontin-
uation rate during the treatment period was nearly twice as
high for placebo (66%) than for AL 441 mg (37%) and for
AL 882 mg (31%) [34] (Table 5).

Head-to-Head Trials of LAIs Vs. Oral Antipsychotics

Paliperidone Palmitate Once-Monthly Vs. Oral Antipsychotics
In a 15-month, randomized, open-label trial (ROLT) (industry
sponsor: Janssen) of 444 individuals with schizophrenia and a
history of incarceration, comparing PP1M (flexible dosing 78–
234 mg) (n = 226) with clinicians’ choice OAPs (n = 218) [42],
the discontinuation rates during the treatment period were com-
parable for PP1M (58.8%) and for OAPs (59.6%) as were ad-
herence rates (PP1M = 100%, OAPs = 98.6%) [39] (Table 5). In
subgroup analyses by OAP subgroups (COAPs, AOAPs, and
risperidone/paliperidone), the discontinuation rate during the
treatment period was 68.6% for COAPs (60.3% for PP1M),
73.3 for AOAPs (58.5% for PP1M), and 49.4% for
risperidone/paliperidone (58.6% for PP1M) [43] (Table 5).

Risperidone Long-Acting Injection Vs. Atypical Oral
Antipsychotics In an exploratory, independently funded, 2-
year, ROLT of 85 early-phase (≤ 3 years of illness)
schizophrenia-spectrum disorder patients who were first sta-
bilized for 18 weeks on RLAI (25–50mg) or AOAPs and then

randomized to RLAI (25–50mg) (n = 42) or AOAPs (n = 35),
the discontinuation rate during the treatment period was com-
parable for RLAI (22.1%) and AOAPs (20.8%) [44] (Table 5).

Paliperidone Palmitate Once-Monthly vs. Oral Olanzapine In a
13-week, DBT funded by the Chinese government in 57 first-
episode schizophrenia patients who were randomly assigned
to PP1M (117, 156, or 234 mg) or oral olanzapine (5 mg), the
discontinuation rate during the treatment period was similar
for PP1M (45.6%) and olanzapine (43.9%) [45] (Table 5).

Paliperidone Palmitate Once-Monthly Vs. Paliperidone
Extended-Release In a 24-week, ROLT funded by the Italian
government of 72 patients with stable but symptomatic
schizophrenia who were randomized to PP1M (flexible dos-
ing 50–150 mg) (n = 36) or paliperidone extended-release (6–
12/day) (n = 36), PP1M was superior to paliperidone
extended-release in global treatment satisfaction (p = 0.001)
and convenience (p = 0.037), measured by the Treatment
Satisfaction Questionnaire for Medication (TSQM), as well
as in service engagement (p = 0.001), measured by the
Service Engagement Scale (SES) [46]. Furthermore, the dis-
continuation rate during the treatment period was only little
less for PP1M (8.3%) than for paliperidone extended-release
(11.1%) [46] (Table 5).

Head-to-Head Trials of LAIs Vs. LAIs

Paliperidone Palmitate Once-Monthly Vs. Paliperidone
Palmitate 3-Monthly In a 48-week, DBT (industry sponsor:
Janssen) of 1016 relatively stable schizophrenia patients who
were first stabilized for 17 weeks on PP1M (50, 75, 100, or
150 mg) and then randomly assigned to PP3M (175, 263, 350,
or 525 mg) (n = 512) or PP1M (50, 75, 100, or 150 mg) (n =
504), the discontinuation rate during the treatment period was
roughly similar for PP1M (18%) and for PP3M (16.3%) [49]
(Table 5).

Risperidone Long-Acting Injection Vs. Paliperidone Palmitate
Once-Monthly In a 6-month, independently funded pilot
ROLT of 30 patients with nonacute schizophrenia or SAD,
comparing RLAI (n = 16) dosed flexibly up to 50 mg/2 weeks
with PP (n = 14) dosed flexibly up to 150 mg/4 weeks, the
discontinuation rate during the treatment period was only a
little bit higher with RLAI (31.3%) than PP1M (28.6%) [60]
(Table 5).

Meta-analyses of Randomized Controlled Trials
of Long-Acting Injectable Antipsychotics
in Schizophrenia

Altogether, five meta-analyses on RCTs of LAIs were pub-
lished since 2016 [18, 20•, 21•, 25, 26].
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In one meta-analysis funded by the National Evidence-
based Healthcare Collaborating Agency, 17 RCTs of SGA-
LAIs vs. SGA-OAPs were pooled (n = 6362) [18]. In the
analyses of specific outcomes including only two to six
RCTs, SGA-LAIs were associated with significantly lower
relapse (RR = 0.85; 95% CI = 0.74–0.99), longer time to
relapse (“SMD” = 0.42; 95% CI = 0.29–0.54), fewer hospital
days (SMD = − 0.11; 95% CI = − 0.22 to − 0.01), and lower
depression ratings (SMD = − 1.69; 95% CI = − 2.95 to −
0.43). Conversely, there were no significant differences in
raw hospitalization rates (RR = 0.83; 95% CI = 0.62–1.11),
remission (RR = 1.07; 95%CI = 0.99–1.15), psychopathology
measured with PANSS (SMD = − 0.05; 95% CI = − 0.12 to
0.12) and CGI-S (SMD = − 0.05; 95% CI = − 0.13 to 0.04),
and all-cause discontinuation (RR = 0.93; 95% CI = 0.82–
1.05), but nonadherence also did not differ in the RCT popu-
lation (RR = 0.58; 95% CI = 0.09–3.35). Moreover, although
LAIs appeared to be associated with a greater reduction in
EPS ratings (SMD = − 0.01; 95% CI = − 0.15 to 0.12), LAIs
were also associated with a greater incidence of extrapyrami-
dal syndrome (RR = 1.61; 95%CI = 1.27–2.04) and prolactin-
related adverse effects (RR = 2.48; 95% CI = 1.60–3.84), at
least in samples randomized to SGA-OAPs that were gener-
ally not matched for the specific LAI [18].

In contrast to these half positive, half neutral findings, an-
other independently funded meta-analysis of 18 RCTs (n =
4796) pooled LAI data for the SGA-LAIs risperidone,
olanzapine, and ar ipiprazole and the FGA-LAIs
zuclopenthixol, fluphenazine, and haloperidol [25].
Analyzing each of the LAIs separately, all-cause discontinua-
tion (primary outcome) did not differ significantly between
the specific LAIs and compared group of OAPs, except for a
small advantage for LAI aripiprazole (RCTs = 2, n = 986; RR
= 0.78; 95% CI = 0.64–0.95). Similarly, each of the individual
LAIs was not different from OAPs regarding intolerability-
related discontinuation, extrapyramidal symptoms, prolactin
increase (except for a small advantage for LAI risperidone:
RR = 0.81, 95% CI = 0.68–0.98, NNT = 8), weight gain,
nonresponse, relapse, and inefficacy-related discontinuation
(except for a small disadvantage for LAI olanzapine 1.52;
95% CI 1.12 to 2.07, NNH = 20) [25].

Additionally, a small also independently funded meta-
analysis of only five RCTs (n = 1022) investigated the com-
parative efficacy and safety of LAIs vs. OAPs in the important
subgroup of patients with recent-onset psychotic disorders
[20•]. In RCTs lasting on average 18.0 ± 7.6 months that
compared paliperidone-LAI or risperidone-LAI with OAPs,
no significant difference emerged between LAI and OAP
treatment regarding relapse prevention (studies = 3, n = 875;
RR = 0.67, 95% CI = 0.24–1.83). However, results were high-
ly heterogeneous, with two studies showing significant supe-
riority of the LAIs vs. OAPs, while one RCT showed no
difference between LAIs and OAPs. Similarly, pooledT
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together, LAIs and OAPs did not differ significantly regarding
the improvement in the PANSS total scores (studies = 2, n =
786, weighted mean differences = − 2.26, 95% CI = − 5.22 to
0.70), all-cause discontinuation (studies = 4, n = 920, RR =
0.90, 95% CI = 0.75–1.08), adverse events (studies = 2, n =
800, RR = 1.13, 95% CI = 1.03–1.25), and mortality (studies
= 3, n = 883, RR = 1.03, 95% CI = 0.06–16.42). Nevertheless,
LAIs outperformedOAPs regarding inefficacy-related discon-
tinuation (RR = 0.34, NNT = − 50) and nonadherence-related
discontinuation (RR = 0.30, NNT = − 33). Conversely, how-
ever, compared to mostly mixed and clinician’s choice OAPs,
LAIs were associated with a higher incidence of ≥ 1 adverse
effect (RR = 1.13) and tremor (RR = 2.38) [20•].

Two independently funded meta-analyses focused exclu-
sively on safety/tolerability. One of these two meta-analyses
evaluated 16 RCTs (n = 4902) comparing LAIs and OAPs,
including only LAI–OAP pairs of the same OAP (allowing
oral risperidone and paliperidone as comparators for either
risperidone or paliperidone LAI) [21•]. Out of all 119 reported
adverse events, LAIs and OAPs did not differ significantly
regarding 115 (96.6%) of them. LAIs were similar to OAPs
regarding the frequency of intolerability-related all-cause dis-
continuation, serious adverse events, all-cause mortality, and
mortality for reasons excluding accident or suicide. Compared
to OAPs, LAIs were associated with significantly more
akinesia, low-density lipoprotein cholesterol change, and anx-
iety, whereas LAIs were associated with significantly lower
prolactin change and hyperprolactinemia [21•].

Finally, the second meta-analysis pooled data from 52
acute phase and maintenance/relapse prevention RCTs (n =
17,416) with a mean study duration of 28.9 weeks for LAIs
vs. placebo and of 64.5 weeks for LAIs vs. OAPs [26]. In
these analyses, neither pooled together (nor individual LAIs,
i.e., aripiprazole, fluphenazine, olanzapine, paliperidone, and
risperidone) differed significantly from placebo regarding all-
cause mortality (RR = 0.64, p = 0.37) or suicide-related mor-
tality (RR = 0.98, p = 0.98). Similarly, neither pooled LAIs
(nor individual LAIs, i.e., aripiprazole, fluphenazine, haloper-
idol , o lanzapine, pal iper idone, r isper idone, and
zuclopenthixol) differed from pooled OAPs regarding all-
cause mortality (RR = 0.71, p = 0.30) and suicide-related
mortality (RR = 0.94, p = 0.91) [26].

Conclusion

This targeted systematic review of 31 RCTs (n = 4738) of
LAIs published between January 2016 and March 2019
(vs. placebo: k = 11, vs. OAPs: k = 7, vs. another LAI: k =
13) summarized recent findings of 7 original RCTs and 24
post hoc analyses of previously published primary RCTs.
These trials reported results on (i) novel long-acting in-
jectable formulations, (ii) efficacy of LAIs for symptom

improvement and prevention of relapse and hospitaliza-
tion, (iii) efficacy of LAIs on functionality and quality
of life, (iv) tolerability and safety of LAIs, and (v) atti-
tudes toward and acceptability of LAIs.

Regarding novel LAI formulations, RCTs reported that
RBP-7000 (Perseris™ risperidone) was superior to placebo
in symptom improvement, and aripiprazole lauroxil nanocrys-
tal dispersion (ALNCD; Aristada Initio™) enabled faster
achievement of aripiprazole plasma concentrations with min-
imized oral supplementation to the first day of administration
compared to the previously approved 21-day oral supplemen-
tation regimen.

Regarding total symptom improvement, LAIs were superi-
or to placebo and equally effective compared to OAPs, at least
in patients selected to agree to double-blind placebo-con-
trolled trials of LAIs [14], while one study demonstrated fa-
vorable results for PP1M in the improvement of negative
symptoms [46], but ratings were only based on an adapted
CGI-S assessment, and no differences were found in LAI–
LAI comparisons. For preventing relapse and hospitalization,
which are outcomes of key interest [10–12], LAIs were supe-
rior to placebo, and as effective as OAPs using RLAI in early-
phase (≤ 3 years of illness) schizophrenia-spectrum disorder
patients, while there was one study favoring PP1M over OAPs
[42], even with reduced statistical power (COAP, AOAP, oral
risperidone/paliperidone), with a numerically greater advan-
tage in recent-onset schizophrenia patients, while in LAI–LAI
comparisons, HD demonstrated greater efficacy in preventing
relapse and hospitalization in younger patients (18–45 years),
yet PP1M and PP3M were comparably effective in a big sam-
ple of schizophrenia patients.

For improving functioning, LAIs were superior to placebo,
with the newly approved RBP-7000 being superior to improv-
ing functioning as well as quality of life, while PP1M is as
effective as OAPs in improving functioning and quality of life,
and in LAI–LAI comparisons, PP1M and PP3M showed com-
parable results, AOM was superior to PP1M (in unblinded
assessments), and PP1M was superior to RLAI.

Moreover, LAIs were noninferior to placebo regarding tol-
erability and safety using AL, and comparable to AOAPs
using RLAI, with favorable results reported for the partial
D2 agonist AOM vs. the full D2 antagonist PP1M in terms
of sexual functioning, and with comparable results for PP1M
and PP3M regarding injection site reactions and pain.

Furthermore, compared to placebo, LAIs were associated
with less all-cause discontinuation, but at least in the con-
trolled setting of RCTs, there were little, if any differences in
all-cause discontinuation between LAIs and OAPs. In con-
trast, compared to placebo as well as OAPs, LAIs enhanced
patient satisfaction (RBP-7000, PP1M). Furthermore, com-
pared to OAPs alone, LAIs also enhanced service engagement
(PP1M) and were preferred (RBP-7000) by patients, implying
that the current underutilization in clinical practice may be due
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to lack of familiarity or enthusiasm of many clinicians [13,
67•]. However, since current data are still limited, more infor-
mation on patients’ as well as clinicians’ attitudes toward
LAIs are needed to draw further conclusions.

Finally, results of meta-analyses of LAIs vs. OAPs
have yielded mixed results including significant advan-
tages regarding some efficacy and effectiveness out-
comes for LAIs or neutral results, but without any of
the outcomes favoring OAPs. In terms of adverse ef-
fects, some isolated adverse effects seemed to favor
OAPs, yet findings were likely biased by differences
in the LAI arm (fixed to one LAI) and OAP arm
(mixed, with choice being made adjusting for prior ex-
periences, including past adverse effect patterns). When
comparing the same antipsychotic in LAI or OAP for-
mulation, adverse effects appeared similar in 97% of the
reported adverse effects, and two meta-analyses reported
that mortality rates were not higher with LAIs vs.
OAPs, both in short-term, acute as well as in longer-
term maintenance/relapse prevention studies. However,
as discussed before [14, 68], RCTs that exclude a large
number of patients and that may instead differentially
include those with greater illness insight, adherence,
and stability may not be the best (and for sure should
not be the only) way to evaluate the real-world efficacy
and effectiveness of LAIs vs. OAPs, and studies with
other designs, namely mirror-image and cohort studies,
also need to be considered.

Limitations of this selected review are inherent to its de-
sign, i.e., the restriction to the evidence published from
January 2016 to March 2019, performed in order to provide
an update to the comprehensive publication on this topic pub-
lished in 2016 [13], and the restriction to RCTs, which—
although being considered a gold standard design in
medicine—are relatively rare, have small sample sizes and
bias samples toward patients with lower illness severity, great-
er illness insight and adherence, and generally smaller sample
sizes and shorter follow-up durations that did not allow anal-
ysis of impotent outcomes such as for example all-cause and
specific-cause mortality [69••, 70••, 71], or rare/long-term ad-
verse effects, such as tardive dyskinesia [72] or diabetes
mellitus, myocardial infarction, or stroke [73–75]. To address
the impact of LAIs vs. OAPs, the complementary analysis of
cohort studies and, especially, nationwide database studies can
be helpful.

Nevertheless, despite these limitations, the review of LAI
studies in people with schizophrenia-spectrum disorders pub-
lished over the 3-year period of this review confirmed prior
results [10, 13, 76] that LAIs are superior to placebo in all
areas studied, but further research is needed to identify a clear
advantage of LAIs vs. OAPs as well as patient and treatment
characteristics moderating and mediating such potential ad-
vantages, and to allow more accurate differentiation between

different LAI formulations. It should be noted that in the areas
studied, LAIs were largely comparable to OAPs, while they
sometimes showed better results than OAPs, but never worse
results than OAPs. Moreover, as stated above, the population
agreeing to be included in blinded and open RCTs may not be
fully representative of clinically treated populations, which is
why examination of data in other, complementary study de-
signs (mirror image and cohort studies) is also important [13,
14]. Taken together, this review demonstrated that LAIs are an
effective treatment option for both early-phase/first-episode
and more chronic schizophrenia-spectrum disorders.

As summarized in recent expert consensus reports also
published within the 3-year period of this review [13, 77,
78], specific patient and medication characteristics should be
considered when identifying appropriate clinical situations for
the use of LAIs, choosing, initiating, switching to, and opti-
mizing LAI treatment in patients with schizophrenia eligible
for LAIs. These efforts should include the systematic manage-
ment of breakthrough psychosis [79] and provision of ade-
quate and impactful education and training [67•] regarding
LAI use in usual care settings. For example, a recent study
demonstrated in a cluster-randomized study design that after
training the entire treatment team dealing with first-episode
and early-phase (≤ 5 years of illness) schizophrenia patients
assigned to sites regularly offering LAIs as standard of care,
76% of the total sample and 91% of those agreeing to be part
of the open-label study had at least one LAI treatment within 3
months of joining the treatment service [79•]. These data are
in stark contrast to clinicians reporting that 80% of their pa-
tients refuse the use of LAIs [80] Since patients and families
are not encountering barriers externally but these barriers are
within themselves internally greater than those encountered in
patients and families [81, 82] and that adequate training and
education could improve the provision of assured mainte-
nance treatment in schizophrenia, which is clearly a goal for
improving outcomes [9, 83•, 84].
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